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‘Our Sun’ 
A Milky Way look-alike 
Key: stars, through their motions and abundances, 
contain a fossil record of the Galaxy’s past evolution 
Gaia’s main aim: unravel the formation, 
composition, and evolution of the Galaxy 
Figure courtesy European Southern Observatory (NGC1232) 
Figure courtesy Steve Majewski 
Satellite disruption / cannibalism 
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Tidal streams 
Figure courtesy  R. Jay Gabany (NGC5907; http://apod.nasa.gov/apod/ap080619.html) 
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The need for Gaia 
q  Archaeological studies of the Galaxy require: 
q Accurate distances and motions, combined with physical 
properties of stars (temperatures, metallicities, surface gravities, 
interstellar extinctions / reddenings, masses, ages, ….) 
q For a representative, complete sample of stars down to faint 
magnitudes: 1 billion objects down to 20 mag 
q  This can only be achieved from space, by collecting: 
q Astrometry 
q Photometry 
q Spectroscopy 
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The reach of Gaia 
Figures courtesy NASA/JPL-Caltech/R. Hurt and X. Luri & the DPAC-CU2 
Our Sun 
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The reach of Gaia 
Figures courtesy NASA/JPL-Caltech/R. Hurt and X. Luri & the DPAC-CU2 
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One billion stars in 3-D will provide … 
•  ... in our Galaxy … 
–  the distance and velocity distributions of all stellar populations 
–  the spatial and dynamical structure of the bulge, disk, and halo 
–  its formation history and past evolution 
–  a rigorous framework for stellar structure and evolution theories 
–  a large-scale survey of double and multiple stars (~100,000,000) 
–  a large-scale survey of extra-solar planets (~7,000) 
–  a large-scale survey of solar system bodies (~250,000) 
 
•  … and beyond 
–  definitive distance standards out to the Magellanic Clouds 
–  rapid reaction alerts for supernovae and burst sources (~6,000) 
–  resolved galaxies (~1,000,000) 
–  quasars and redshifts (~500,000) 
–  microlensing (~2000 photometric; a few astrometric?) 
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Satellite and System 
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X 
q  ESA-only mission 
q  Launch: 19 December 2013 
q  Launcher: Soyuz–Fregat, French Guiana 
q   Orbit: L2 Lissajous orbit (1.5 million km) 
q  Ground stations: 35-m ESA 
q  Lifetime: 5 years (+ extension) 
q  Downlink rate: 8 Mbit per second 
q Data processing: ~450 scientists in 
DPAC 
Figure courtesy ESA 
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Routine operations 
q  In five-year routine phase since 25 July 2014  
 
q  Data collected so far: 
q  440 billion astrometric measurements (AF) 
q  107 billion photometric measurements (BP/RP) 
q  9 billion high-resolution spectra (RVS) 
q  Magnitude limits: 
q  Astrometry and photometry down to G = 20.7 mag  
q  Spectra down to GRVS = 16.2 mag 
q  Special data: 
q  Sky-Mapper imaging for stars brighter than G = 3 mag  
q  Sky-Mapper imaging of Baade’s Window and ω Cen 
q  Data not (yet) processed in the standard pipelines 
ω Cen 
Figure courtesy ESA/Gaia/DPAC/SOC calibration team 
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Data Processing: concept 
Find the source parameters 
 
= α, δ, ϖ, µα, µδ, vrad, orbit parameters for multiple stars, G, colours, 
Teff, [Fe/H], log g, A0, solar-system-object orbits, light curves, ... 
 
and instrument (calibration) parameters 
 
= collection of parameters describing Gaia 
 
that best explain the Gaia observations 
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Data Processing: practice 
q  Pre-processing of raw data 
Bias/background removal, image centroid and flux, ...  
q  Cross-matching 
Assign observations to sources, or create new sources  
q  Daily monitoring of pre-processing results 
Judge instrument health (and take action if needed) 
q  Use image fluxes in photometric processing 
     Variable-star processing for subset  
q  Use image locations in astrometric processing 
Includes the Tycho-Gaia Astrometric Solution (TGAS)  
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Data Release 1 (DR1) 
q  Based (only) on 14 months of input data (~23 billion focal-plane transits) 
q  Astrometric processing 
q  Position for all ~1 billion sources 
q  Parallax and proper motion for ~2 million Hipparcos and Tycho-2 
stars (V < 11 mag; Tycho-Gaia Astrometric Solution) 
q  Covariance matrix (standard errors and correlations) 
q  Reference frame aligned to ICRS, astrometry at epoch J2015.0 
q  Photometric processing 
q  Mean G-band magnitude and error for all sources (VEGAMAG) 
q  Photometric zero-points for VEGAMAG and AB 
q  Transformations to other photometric systems (e.g., Sloan) 
q  Light-curve and classification for selected RR-Lyraes and Cepheids 
q  Status 
q  Release “late summer 2016”  
q  Data is there; validation, filtering, and documentation ongoing 
Gaia      OGLE 
RR Lyrae variable in the LMC 
ESA/Gaia/DPAC/CU5/CU7/INAF-OABo, Gisella Clementini, Dafydd Evans, Laurent Eyer, Krzysztof Nienartowicz, Lorenzo 
Rimoldini and the Geneva CU7/DPCG and CU7/INAF-OACN teams 
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Data Release 1: caveats 
q  All sources have been treated as single stars 
q  Some filtering has been applied, e.g.; 
q  Omit sources with too few observations, without astrometry and/or 
photometry, with very elongated positional error ellipses, ... 
q  Upper limit on errors in parallax, position, and photometry  
q  No high-proper-motion stars (µ > 3.5 arcsec yr -1) 
q  Various unmodelled effects left in the data (chromaticity, CTI, micro-
meteoroid hits, micro-clanks, ...) 
q  Basic-angle-variation correction derived from on-board metrology  
q  Cross-matching limited by crude attitude, IGSL, and spurious sources 
q  Cyclic processing loops not yet closed 
q  All of these issues will be addressed in upcoming releases! 
q  Warning: the above weaknesses will lead to spatially-correlated 
systematics in DR1: do not blindly average astrometric quantities 
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Data Release 1: archive & tools 
q  Online archive @ ESDC (ESAC Science Data Centre) 
q  Catalogue mirrored at CDS, ASDC, ARI, AIP, ... 
q  Online and offline documentation 
q  Archive contents and the meaning of the tables 
q  How was the processing done 
q  How were the results validated  
q  A dozen A&A papers providing ‘condensed documentation’ 
q  Two science verification papers, on open clusters and Cepheids 
q  Query tools (ADQL & TAP) and visualisation tools 
q  VO space and tools (e.g., bring your code to the data - GAVIP) 
q  Pre-computed and validated cross-matches with Hipparcos-2, 
Tycho-2, 2MASS PSC, GSC2.3, PPM-XL, UCAC-4, SDSS DR10 /       
XXXXDR12, AllWISE, URAT-1, and RAVE  
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Data Release 1: archive & tools 
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Clusters in DR1 
q  Science validation paper in preparation (van Leeuwen, Bastian, 
Jordi, Vallenari, et al., 2016), covering the ~20 clusters discussed 
in van Leeuwen (2009, A&A 497, 209) 
q  Within 250 pc: UMa moving group, the Hyades, Coma Ber, 
Pleiades, IC 2602, IC 2391, α Per, Praesepe, NGC 2451, and 
Blanco 1  
q  Between 250 and 500 pc: NGC 6475, NGC 7092, NGC 2516, 
NGC 2232, IC 4665, NGC 6633, Collinder 140, Trumpler 10, NGC 
2422, NGC 3532, NGC 2547, and NGC 2264  
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Chamaeleon I (160 pc) 
q  C. Manara et al., in prep. 
q  Data from Luhman 2004, ApJ, 602, 816; Luhman et al. 2007, ApJS, 173, 
104; 2008, Luhman et al. ApJ, 675, 1375 
σϖ [µas] 
Z 
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Chamaeleon I (160 pc) 
1% distances 
for YSOs with 
M★~ 0.2 M¤ 
σϖ [µas] 
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Orion Nebula Cluster (420 pc) 
q  C. Manara et al., in prep. 
q  Data from Da Rio et al. 2010, ApJ, 722, 1092; Da Rio et al. 2012, ApJ, 748, 
14; Robberto et al. 2013, ApJS, 207, 10, and references therein 
σϖ [µas] 
Z 
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Orion Nebula Cluster (420 pc) 
1% distances 
for YSOs with 
M★~ 1 M¤ 
σϖ [µas] 
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Conclusion 
q  Gaia = unfolding the dynamical, kinematical, and chemical structure and 
evolution of the Galaxy 
q  Gaia = multi-epoch astrometric, photometric, and spectroscopic 
observations of a complete sample of stars down to faint magnitudes 
q  First intermediate data “late summer 2016” 
q Positions and G-band magnitudes for 1 billion sources 
q Proper motions and parallaxes 
    for 2 million sources 
q G-band light-curves for selected 
    Cepheids and RR Lyraes 
Figure courtesy Airbus D&S and ESA/Gaia 
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Background material 
•  ESA websites (gaia.esa.int and cosmos.esa.int/gaia) 
    
•              Gaia mission app 
•            @ESAGaia and ESA Gaia Mission 
 
